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If, by the term Diphtheria, the derivation 
S06,6(T4were to be strictly adhered to, the diag 
nosis of the condition and its treatment would be 
sirnpleland the results relatively bad. The local 
condition and its treatment is, indeed, that part 
of the disease which, at the present time, gives 
rise to least anxiety and from which the death -rate 
is, in comparison, relatively low. 
To Trousseau indeed, we owe much, who, first, 
gave to the term Diphtheria the meaning which we 
now attach to it,namely, a general constitutional 
affection and one causing death, not only mechani- 
cally, but by a general systemic toxaemia. 
While the local condition - thanks to anti - 
toxine serum and the gradual perfection of Intuba- 
tion and Tracheotomy - is not now regarded so grave- 
ly, far otherwise is it with the general condition - 
the result of the toxine. 
Although the introduction of the serum treat- 
ment has been followed by results little short of 
extraordinary, the death -rate directly due to toxic 
absorption and the other minor results from the same 
cause, namely, degeneration of muscle and nerve 
causing paralysis or the toxic effects, as seen on 
the kidney with its consequent production of album - 
inur ,a, have by no means diminished in a correspond- 
ing degree. 
Such is the truth of the above statement, name- 
ly, so low is the death -rate directly traceable to 
obstruction, that it would seem that, except for the 
introduction of a more powerful and more readily ab- 
sorbed antitoxin serum, little more can be done in 
attacking that particular complication of the dis- 
ease. 
If the "obstruction treatment" appears perfect 
or nearly so, the Therapeutics at our command - 
apart from the administration of antitoxin serum - 
for dealing with the toxaemia must so far seem in- 
adequate. 
It would appear that, broadly speaking, a suf- 
ficiently powerful dose of antitoxine administered 
at a time so early in the course of the disease that 
the toxines are annulled before they can devitalise 
and cause degeneration in the tissues, is perfect 
treatment. Such probably is the case, but, so dif- 
ferent is the resistant power in each individual 
that the correct antitoxic guage is as yet indefin- 
able and hence methods have yet to be perfected to 
aid the antitoxine by increasing otherwise the re- 
sistant power of the individual. 
To do so has been the object of the present in- 
vestigation. 
DIPHTHERIA AS UNDERSTOOD IN THESIS. 
By the term Diphtheria used in the diagnosis 
of the following recorded cases the definition ac- 
cepted by Northup has been strictly adhered to, 
namely: 1Pan infectious and communicable disease 
characterised by the production of false membrane 
on a mucous or abraded skin surface and due to the 
presence and proliferation of the Klebo- Lcffier bac- 
illus and the toxines elaborated in its growth. 
The importance of the latter part of the definition, 
namely; the bacteriological diagnosis; has been em- 
phasised as much as the former or clinical. 
So much so is this the case that cases of pure- 
ly clinical diphtheria have not been included in the 
following statistics, so that in every case the 
diagnosis of diphtheria made clinically has been 
supplemented and proved by the usual bacteriological 
investigation. 
Inversely, no cases have been considered which 
gave a positive bacteriological result without any 
clinical phenomena; and again, therefore, every ob- 









Heart , Nervous System, Kidneys. 
Heart. 
The pathological study of the Heart in Diph- 
theria is of comparatively recent date, namely, 1870, 
but, from the first carefully recorded report - that 
of Hagen (Archive de Physiologie 1870) - until the 
present time, the one constant feature is that of 
Fatty Degeneration of the Myocardium. 
The degeneration appears in the form of fine 
granules cr in large globules involving the greater 
part cf the muscle cell (Thorthup). 
It appears to be found as the first sign of 
change in structure of the muscle and to be an ac- 
companiment of the later destruction in more advanc- 
ed cases. 
Northup also notes that simple fatty degenera- 
tion is invariably found in the severe cases of 
short duration, and the more destructive and degen- 
erative changes in the prolonged cases where there 
is complete breaking down of the sarcous elements 
and destruction of the muscle substance. 
In the later stages also, there is a marked 



















which, however, rarely leads to fibrous change. 
An important point bearing on the aetiology of 
the condition has been noted. by Schamschin (Ziegler's 
Beiträge 1895) who states that, no matter how early 
in the disease, one of the first features is fatty 
degeneration in the walls of the small blood ves- 
sels of the Heart. 
Baginsky (Diphtheria and Diphtheritic Croup 
1898) sums up the main changes (i) Fatty Degenera- 
tion of the muscle elements, (ii) Fragmentation of 
the nuclei, and (iii) Haemorrhages from the small 
diseased blood vessels. 
Experimentally, Moll et and Regaud (Annales de 
l'Institute Pasteur 1897) have summarised the fol- 
lowing changes: - 
(a) In the muscle :f ibre: T .g7anular and fatty change s 
with occasional vacuolisation: striation often 
lost. 
(b) In the nuclei: nuclei distorted, swollen 
and stain with difficulty. 
(c) in the interstitial tissues: Increase of 
the cellular elements between the fibres. 
Macroscopically there is little to note save 
dilatation - especially of the right side of the 
heart - slight paleness of the muscle: the peri- 




It is as yet undetermined if the microscopic 
changes noted above are primary, namely, due to the 
direct action of the toxine on the muscle, or second- 
ary; due to lack of stimulation from an already toxic 
nervous system. 
In support of the latter theory is the fact 
that Lentino found similar lesions after unilateral 
division of the Vagus nerve. 
Against this, again, is the fact of the early 
degeneration of the walls of the small vessels of 
the Heart (Schamschin) which would equally lead to 
impaired nutrition and fatty degeneration of the 
muscle supplied. 
Bolton (Lancet 1906) advances the following 
theory: In the acute stage of diphtheritic toxae- 
mia, acute degenerative changes occur in certain 
cells of the central nervous system and amongst 
these cells the nucleus of the Vagus nerve is affect-j 
ed and, therefor, extensive Fatty degeneration oc- 
curs in the muscular fibres of the Heart. It is 
thus, he says, that acute diphtheritic poisoning 
proves fatal, the patient dying from a primary pro- 
gressive failure of the heart as the result of acute 
degenerative changes in the neuro- muscular mechan- 
ism of that organ. At a later stage of the disease, 






peripheral nerves and voluntary muscles; a primary 
parenchymatous degeneration occurs in the nerves and 
a fatty degeneration of the muscle. 
One other view has been advanced by Hesse, 
( Jahrb . F. Kinderhe ilk. 1894) a somewhat vague one, 
namely, that the changes and consequent heart fail- 
ure result from the effects of the poison upon the 
Heart but not as a result directly either of the 
muscle or of the nerve degeneration. 
To summarise; the various theories appear to 
be: 
(i) Primary Degeneration of Muscle - Schamschin 
( ii) " " " Nerve - Vincent - 
(iii) A combination of both according to the 
stage of the disease - Bolton. 
(iv) Toxaemia of Heart directly traceable to 
neither - Hesse. 
It would appear that Bolton's theory - an idea 
shared by many other authorities - has much weight, 
and that the fact that death from Heart Failure may 
be accurately classified into at least 4 classes, 
viz., (a) Early, (b) Late, (o.. ) Progressive (3 ) 
Sudden , much strengthens this view. 
Whatever the true cause or causes may be, the 
liability to Cardiac Failure is much increased by 
the increased coagulability of the Blood in Diph- 












ate d, and S, 
3ournalu 
L898. 
action of the Heart. With this additional liability 
to the formation of Thrombi the danger is much in- 
creased, but can hardly as Jacobi suggests (Wed. 
News 1898) be regarded as a cause but rather as a 
result. 
Nervous System. 
Although the pathological features of the Ner- 
vous system vary, in minor points, with each in- 
dividual case; in the main they are very constant 
and may be summarised as follows: 
(i) Cord. 
Here, according to Rainy (Journ. of Path. and 
Bact., 1900), the changes are mostly cellular. 
There is marked chromatolysis and vacuolation of 
cell protoplasm. 
In the gray matter of the anterior cornu Nissl's 
bodies are markedly disintegrated and generally 
many cells are found shrunken. 
Bickele and Kalishs in 1894 described also a 
degeneration of the posterior roots where they enter 
the gray matter of the posterior cornu. 
(ii) Brain. 
Here the changes are generally circulatory, 
namely, hyperaemia, infiltration or haemorrhagic. 
(iii) Peripheral Nerves. 






describes marked parenchymatous degeneration of the 
peripheral nerves, hyperaemia and haemorrhages, also 
fatty degeneration of the nerve fibres of the peri- 
pheral nerves. 
(iv) Cardiac Plexus. 
Vincent (Archive de Yed. Exper., 1894) has 
described a parenchymatous and atrophic neuritis. 
Degeneration of the Myelin sheath, changes in the 
Axis cylinder and marked absence of multiplication 
of the nucleus were always present which as Northup 
points out, show a degeneration, and not changes due 
to an irritant. 
Kidneys. 
By far the most common changes found in the 
kidneys are those of degeneration. The epithelial 
cells are enlarged and irregular and in advanced 
cases are completely destroyed and desquamated. 
The degeneration is not fatty, although a slight de- 
gree of fatty degeneration is generally present, but 
according to Northup, some degree of hyaline degen- 
eration is invariably present. 
He also states that lesions of the kidneys of 
greater or less extent are found in practically all 
cases of fatal diphtheria. 












to the degree of degeneration present. 
Welch and Flexner (John Hopkins Bulletin, 1892) 
state that, experimentally, the epithelium of the 
tubules is rendered very granular and much swollen 
but not fatty. They also report a slight fragmen- 
tation of the nuclei in the epithelium of the tu- 
bules. Acute interstitial changes appear generally 
in conjunction with complications of the disease and 
are accompanied by marked increase in size of the 
kidney. Here the changes are most marked at the 
base of the cortex just beneath the capsule and 
around the glomeruli, and degeneration of the epi- 
thelium to a varying degree is always present. 
The glomerular changes are of a chronic type 
and probably to be referred to an acute antecedent 
attack of endocarditis (idorthup). 
CAUSE OF ALBt3MN . 
The exact cause of albumen in Diphtheria is 
as yet uncertain. 
Rolleston (Practitioner 1905) has shown that 
the quantity of albumen varies with the severity of 
the case. 
As the amount of degeneration varies with the 
severity of the case, and in the same proportion, it 
is reasonable to suppose that there is a distinct 
analogy. 
Variot, 








That the degeneration is produced by the direct 
action of the toxine of the Klebs -Leffler bacillus, 
although the most likely hypothesis, is by no means 
certain for the septic and anginous cases - produced 
by other organisms, Streptococci, etc,,- are those 
in which it is found. in largest amount. 
That it is due to the presence of antitoxine 
has been practically disproved by Variot (La Diph- 
tarie et la Sérumthérapie) who has also shown that 
the presence of Chronic Bright's disease is no con- 
tra-indication for antitoxine. 
The balance of evidence then appears to prove 
that the presence of albumin in the urine is an in- 
dication of the severity of the toxine of Diphtheria 
or the presence in large numbers of accompanying 
organisms. Its almost invariable presence in fatal 
cases would also seem to show that the resistant 
power of the individual is an important factor. 
The relationship of albumen to paralysis has 
been discussed since the times of Trousseau - who, 
in one case noted an increase of albumen coincident 
with the onset of paralysis - but Trevelyan (Lancet 
1900) appears to state the matter clearly when he 
says that diphtheritic albuminuria has no other re- 
lationship to diphtheritic paralysis than that both 
complications are more prone to occur, where the 
diphtheritic intoxication is most intense. 
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CARDIAC FAILURE. 
Whatever the exact cause of cardiac failure in 
each individual case, viz., myocardial, neural or a 
combination of both, the condition is an easy one to 
recognise. 
The main features are: 
Vomiting, which, as a rule, is irrespective of 
food. It may be a simple regurgitation or accom- 
panied by retching. 
Blueness of the skin and mucous membranes and, 
towards the last stage, coldness of the extremities. 
These symptoms are, as a rule, accompanied by 
obvious signs of weakening of the heart, such as:- 
dilatation, irregular and intermitta.nt pulse, 1st 
sound faint, short, with perhaps a systolic murmur 
or reduplicated at the Mitral area. There may be 
bradycardia or a galloping rythmic contraction; the 
latter, as a rule, only when the patient is in ex- 
tremis. 
The patient frequently complains of praecordial 
pain which may be very severe and may be referred, 
generally, to the abdomen. 
As a rule, the patient lies absolutely quiet 
but may, towards the end, be very restless and ex- 
citable.. 
The temperature may be at first slightly 




elevated but quickly becomes subnormal. 
The patient dies on an average from 3 -5 days 
after the first appearance is noted. 
Such a type as the above is the progressive 
type but in other cases - usually late in the dis- 
ease - the patient may die suddenly without warning. 
Myers (Lancet 1900) gives the seventh day as 
the average number of days after the beginning of an 
attack of diphtheria that the symptoms and signs of 
cardiac paralysis are noted.. He also gives the 2nd 
and 35th days as the two extremes. 
Although so profoundly toxaemic the mental fa- 
culties of such patients are, as a rule, quite un- 
impaired to the end, and with this fact and symptoms 
and signs such as are noted above, a diagnosis is 
obvious and a clear division can be made between the 
two types, namely, progressive and sudden. The 
earlier symptoms of cardiac failure occur, as a rule, 
when the patient is and has been absolutely quiet, 
and are no doubt caused by the intensity of the tox- 
aemia causing an acute degeneration. The later 
ones, however, frequently result from a strain - as 
when at stool - and this fact would appear to show 
that the degeneration has been present and in the 
myocardium, and, that the weakened muscle has been 
unable to respond to the additional call made on it 








Although in discussing the pathological changes 
in the nervous system it was stated that the lesions 
were, as a rule, constant, it by no means follows 
that each case of paralysis presents all features. 
From this fact and from the fact that some present 
no nervous features but muscular changes only, the 
aetiology of paralysis is rendered somewhat diffi- 
cult. 
The great varieties of paralysis and the differ- 
ent lesions found, all tend to render the cause ob- 
scure. 
Manicatide in 1896, for instance, reports the 
examination of a series of paralyses which may be 
divided into at least 4 groupsZ 
(i) Where the lesions were purely muscular with 
no nerve complications. 
(ii) Cases of polyneuritis. 
(iii) Lesions of the spinal cord which were 
either localised in the gray substance leading to 
atrophy of the muscle or involved the white matter 
of the cord in a manner such as is found in loco - 
motor ataxy. 
(iv) Central paralysis, chiefly resulting from 
changes in the circulation. 




Although the ataxic symptoms often seen in diph- 
theritic paralysis would seem to point clearly to 
destruction of the muscular sense, it is mostly of a 
reeling or cerebellar character and the most likely 
hypothesis would seem to be that a degeneration has 
spread to the muscles of the trunk and started else- 
where. 
Although conflicting, the evidence in all would 
seem to be, that while many cases of paralysis are 
due to muscular degeneration and in this class the 
benign or localised forms have their place, most are 
due to a primary central disturbance - for the cen- 
tral lesions are not strictly speaking degenerative - 
followed by a Wallerian degeneration and failure of 
the peripheral nerves. 
The paralyses may be classified as follows: 
(i) Localised or Benign Paralysis. 
(ii) General Paralysis. 
(iii) Cardio -pulmonary - which has been consider- 
ed.. 
In the first group may be placed paralyses of 
palate and pharynx. This is much the most common 
variety and Myers and others have stated it to re- 
present from 35-40; of the total varieties of para- 
lyses. 
The second series includes the remaining forms 
of paralyses, viz., oculo- motor, extremities, 
IVoolacott . 




As regards the frequency of paralyses: on an 
average taken from a large number of statistics it 
may be stated at 12 ° -14 %, thus; the Metropolitan 
Asylums Board out of 8,238 cases gave 18.50% of 
paralyses, Sanné reports in 2,400 cases 11 %. 
Woolacott gives an interesting table divided 
into Cases Serious and Moderate) 









and this would seem to prove conclusively that the 
paralyses is dependent on the amount of toxine. 
METHODS CLINICAL AND BACTERIOLOGICAL ADOPTED. 
The methods adopted in arriving at a correct 
diagnosis of the condition in the following recorded 
cases were as follows: 
(i) Clinical. 
Each patient was examined with lamp and spatula 
for, either signs of definite membrane or signs of 
the implantation of recent membrane. 
Again, symptoms were carefully considered, 
namely, either the characteristic toxaemic appear- 
ance or the equally diagnostic odour, although these 
17 
symptoms were considered as merely confirmatory and 
on them alone no diagnosis was made. 
Diagnostic importance was, in the case of sus- 
pected Nasal Diphtheria, especially attached to such 
symptoms as the foregoing in conjunction with a 
nasal discharge. The only possible exception was 
in the Laryngeal case where even in the absence of 
apparent membrane, symptoms bolus croup were consid- 
ered sufficient to warrant a diagnosis. 
No cases apart from such as these are included.: 
in the following series and none without the accom- 
paniment of a positive. 
(ii) Bacteriological Examination. 
A swab was at once taken from the throat or 
nose and stained for 3 minutes with Löffler's i!iethy- 
lene Blue solution and examined for rods and cocci. 
At the same time a culture on Blood Serum was 
made and left for 16 hours at a temperature of 34 °C; 
35 °C. At the end of that time it was stained with 
a variation of Neisser's Stain, namely, Acetic Acid, 
Methylene Blue and Piero -Eythrocine solution, half a 
minute each. 
None of the recorded cases have failed to show 
rods in the swab and polar staining or clumping of 
the Bacilli in the Culture, and both swab and cul- 
ture may therefor be said to have been positive. 
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SKETCH OF PREVIOUS TREAT -, E1TT . 
In the history of the earlier treatment of 
diphtheria the importance given to local at the ex- 
pense of general treatment is, perhaps, the most 
noteworthy fact. 
Until the 16th century no means were considered 
too harsh, thus, burning, scarification and forcible 
removal with pincers were the invariable rule. 
In the 16th century authors on the subject be- 
gan to reprobate these harsher methods, but, in lieu 
of better, were forced in a large number of cases 
to continue. 
In the beginning of the 18th century, the use 
of drugs which destroyed the membrane by their 
caustic action began to be much favoured, such as 
Nitrate of Silver, etc. 
Bretonneau (the first to clearly differentiate 
Diphtheria) in 1827, advocated strongly the use of 
alum and later, Uytterhoevens Acetic Acid. Martin, 
1858, speaks well of Hydrochloric Acid and Jenner 
supported this but recommended only one prolonged 
application. Up to this time the internal treat- 
ment was confined to stimulation by alcohol, when 
required, and aperients. 
a In 1861, Rey recommended the use of Perchloride 
ofikliMitooth locally and internally, and this was for 
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long widely adopted. 
Mercury was much used from 1880 -1890 as a dis- 
infectant either as calomel or biniode of Mercury in 
the shape of fumigations and internally. The gen- 
eral treatment consisted in alcohol and latterly 
strychnine. 
The treatment of Diphtheria was, however, re- 
volutionised in 1893 by Behril with Antitoxin Ser- 
um and resolved from that time until the present 
into treatment by serum, stimulants, as whisky, 
strychnine, strophanthus, digitalis and an antiseptic 
local treatment of the condition. 
As showing more fully the treatment adopted 
during the past 3 years, the following detailed ac- 
count has been given of the accompanying 300 con- 
trol cases. 
PREVIOUS TREATMENT 1904 -1905 IN HOSPITAL. 
- TREAT?:ENT OF ACC0LPATTYING CONTROL CASES - 
The main lines of treatment were: 
(i) To prevent degenerative changes in the 
acute stage by rest and adequate doses of antitoxine. 
(ii) To prevent strain and consequent heart 
failure in the secondary stage by rest. 
(iii) By stimulation) to assist the individual to 
resist the toxine until the toxine was neutralised. 
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(iv) In Cardiac Failure to obtain rest by pre- 
venting vomiting and to stimulate the heart. 
(dc) UNCOMPLICATED CASES. 
(a) FAUCI AL AND NASAL. 
I. General Treatment. 
(i) Res±. 
The patient was kept in the recumbent posture 
with one low pillow for at least 12 days and com- 
plete mental rest was also enjoyed - no reading, etc. 
If at the end of that time there were no symptoms, 
viz., pulse irregularity etc. the patient was given 
one more pillow. At the end of 3 -4 days, condi- 
tions again being favourable, the patient was per- 
mitted to sit up in bed and was allowed out of bed 
in blankets about 6 days later. 
The patient was kept in Hospital for at least 
3 weeks and was not in any case permitted to leave 
until two consecutive bacteriological examinations 
had proved negative, and until clinical symptoms had 
disappeared. 
(ii) Stimulants. 
From the day of admission the patient was pres- 
cribed small doses of Whisky and Liquor Strychninae 
every four hours in doses varying with the age of 
the patient and the severity of the case. This 
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treatment was continued for 10 days when, with no 
symptoms Syrup Easton i- III was prescribed three 
times daily. 
Occasionally for extraneous symptoms, Non, etc. 
was also given. 
H. Local Treatment. 
In cases where the membrane was very obvious a 
Toluol . 36 Parts. 
throat paint Sp. Vin. Rect. . 60 " was 
Tinct. Ferri Perch. 4 " 
applied frequently. It was found very useful both 
as an antiseptic and of assistance in destroying the 
membrane. 
This was always accompanied by a swab of Boro- 
glyceride which was continued during residence. 
In cases where the fauces were apparently sep- 
tic and foul-smelling, a spray of peroxide of hydro - 
gen was given for 24 -48 hours at varying intervals. 
(b) LARYNGEAL CASES WITH CROUP. 
On admission the patient was placed in a cot 
between two steam pipes. A full dose of Vin. 
Opecae.- iv -tom - to assist in loosening the mem- 
brane was at once given and this was followed by 
small doses - n1ii -, v - every 4 hours so long as the 
patient remained croupy. 
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Tinct. Belladon. in scull doses - - 
every 2 hours until dilatation of the pupils was ob- 
tained, was also prescribed, to dilate the passages 
and act as a stimulant by paralysing the termina- 
tions of the Vagus nerve in the Heart and therefor 
to destroy the inhibitory action of the nerve - this 
result, viz. acceleration of the Heart, systotic in- 
crease, etc., was found to have excellent results. 
In addition to these two drugs the patient was 
given small doses of Whisky and Liquor Strychninae 
in doses again varying with the age of the patient. 
Should operative interference not be necessary, 
these measures were continued until the croup symp- 
toms disappeared, when treatment on ordinary lines 
was continued. 
(0) COMPLICATED CASES. 
(i) Operative Cases. 
In cases where the above treatment did not 
ameliorate the condition, viz., where the dyspnoea, 
cyanosis and signs of COI toxaemia manifested them- 
selves, Intubation was performed and the tube left 
in position for 2 -3 days and not removed until croup 
symptoms had disappeared. In cases where the tube 
could not be retained or where it proved unsatisfac- 
tory, Tracheotomy was performed. 
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(ii) Cases of Cardiac Failure. 
At the first sign of cardiac failure the 
patient's pillow was removed and he was kept flat 
in bed or even with the head lowered. 
If vomiting had occurred Liquor Strychninae was 
at once stopped and Brandy alone given while an ef- 
fort later was made to feed the patient with pepton- 
ised milk. 
Should there again be a tendency to vomit, the 
patient was stimulated and fed per rectum and in 
cases of extreme thirst and with no contra- indica- 
tions, small quantities of ice were given to suck. 
On signs of further cardiac failure, Hypodermic 
injections of Strychnine or Strophanthin were given, 
generally in conjunction with Adrenalin Chloride 
(l-11000). 
In a few cases where the patient became extreme- 
ly irritable and restless, very small doses of Mor- 
phia and Atropine were given. 
(iii) Cases of Paralyses. 
At the onset of paralyses tree patient was kept 
recumbent and given increased doses of Liquor Strych- 
ninae, :Massage .:.etc,, was adopted and in the case 
of the spinal muscles the spine was painted with 
Iodine Tincture and Potassium Iodide. 
In the case of the palatal and pharyngeal para- 
lyses, all ordinary precautions were adopted as re- 
gards feeding, etc. 
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ANTI -TOXINE TREATNENT . 
As all the accompanying cases (both 100 treated 
with Formic Acid and the 300 control cases) were 
given antitoxine doses based on the same broad lines, 
it may be well to shortly state the views which 
prompted the doses. 
The two main factors under consideration were: 
(i) The severity of the disease 
a Local Condition 
b) General Toxaemia. 
(ii) The age of the disease. 
(a) Faucial uncomplicated cases. 
Here the dose given was, in the main, 1,000 
units (P. D. & Co.) for each day of the disease, but, 
in cases with definite membrane, not less than 3,000 
units. 
If the palate or uvula was involved, the dose 
was not less than 4,000-5,000. 
This was repeated in 12 hours if there was a 
further spread of membrane. 
(b) Nasal Cases. 
Here, as, owing to the large lymphatic area 
affected, the toxaemia is, as a rule, intense , 'the 
dose. was seldom less than 6,000 units repeated in 
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24 hours if the toxaemia appeared more intense,up 
to a total of 24,000-30,000 units. 
(c) Laryngeal Cases with Croup. 
A dose of, as a rule, not less than 6,000 units 
in an ordinary case was given on admission and re- 
peated every 8 -12 hours until the membrane appeared 
to loosen. 
In early Cardiac Failure, a large dose was oc- 
casionally given, repeated if the condition appeared 
to benefit. 
CRITICISM OF PRECEEDING TREAT +'NT . 
Apart from the local treatment, and the large 
question of antitoxin, the treatment hitherto adopt- 
ed has, as shown by this resume, been one of stimula- 
tion, mainly by strychnine and also digitalis and 
strophanthus with the occasional use of hypodermic 
injections of strychnine or strophanthin or adrena- 
lin chloride. 
As stimulants,the one feature common to all 
these drugs is that they achieve their end mainly 
by raising blood pressure: digitalis does so partly 
by increasing the cardiac force and mainly by con- 
tracting the arterioles by direct action on their 
muscular coat and again, in a lesser degree, by 
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stimulation of the medullary and spinal vaso -motor 
centres. Strophanthus also raises blood pressure 
although the action on the arterioles is not present 
as in digitalis. Adrenalin chloride does so al- 
most solely by contraction of peripheral vessels. 
Strychnine: raises blood pressure by direct 
stimulation of the vaso -motor centre, which, as a 
result, leads to constriction of the peripheral ar- 
terioles. 
In mammals while the heart is not directly af- 
fected by strychnine, stimulation of the inhibitory 
centre leads to a slightly slower rhythm. 
It would seem therefor that, from this point of 
view, these drugs are not ideal in that they tend 
to increase the amount of work done by a heart which 
has a tendency to degeneration. 
There are other points also in their action 
which appear doubtful. 
Strychnine. As a nervous stimulant acts main- 
ly on the central nervous system and it has been 
found that the symptoms of the drug are unaltered 
when the drug is prevented from reaching the peri- 
pheral nerves and muscles. 
It has also been shown that almost certainly 
the motor cells are unaffected and that any changes - 
such as enlargement - found in them are due to 
hyper -activity and not to the direct influence of 
the drug. 
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has been shown, however: 
(i) The main changes in the diphtheritic cord 
are in the motor cells. 
(ii) Many of the paralyses in Diphtheria are 
not central but peripheral or muscular. 
It would appear therefor that the therapeutic 
value of strychnine in such a condition must theore- 
tically, be very limited, for, in addition, it is a 
known fact that , while small doses of strychnine in- 
crease the tone of the muscles - namely render them 
more tense so that they are prepared for immediate 
contraction - that this is due to the action on the 
cord and not on the muscle fibres. 
One other doubtful feature-in the treatment by 
strychnine is the reaction and depression which fol- 
lows its use and which Cushny suggests is due to the 
hyper -activity of the lower parts lessening the ac- 
tivity of the pain. 
In the treatment of a disease in which. paraly- 
ses is such a marked feature, it would. seem that 
here again there is a contra -indication and that 
while expecting in severe cases by pushing strych- 
nine to obtain a temporary benefit, the final result 
would only be exaggerated. 
One other negative point in the treatment by 
drugs such as those mentioned, is that they make no 
claim to Influence the third important complication 
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of Diphtheria, viz. Albuminuria, and would appear 
again by raising blood pressure to aggravate the 
kidney condition. 
The following is an account of a drug which 
would appear more nearly to meet the requirements in 
Diphtheria: 
FORYSC ACID. H. C 0 0 H. 
History, Chemistry, Properties and Therapeutics. 
It occurs in the concentrated state in the 
bodies of ants, in the hairs and other parts of 
certain caterpillars and in stinging nettles. Its 
stimulant properties have been known for centuries, 
and Arabs for long have realised this and,before 
commencing a long and arduous ride,were accustomed 
to give their horses with their ordinary diet a de- 
coction made from Ants' eggs, the result being a 
marked increase for the time in their powers of en- 
durance. 
The internal administration of preparations con- 
taining Formic Acid has also for centuries figured 
among household remedies where they were much valued 
for their tonic and diuretic properties. 
It was not, however, until 1903 that serious 









year Clement in a paper read before the Société Na- 
tionale de Médecine de Lyons reported a series of in- 
teresting experiments which placed it in a new and 
important light. 
Chemistry. 
It is obtained by heating equal parts of an- 
hydrous glycerin (or mannite) and crystallised oxal- 
ic acid in a retort to 751 until carbonic acid is 
no longer evolved. A fresh portion of oxalic acid 
is then added and the distillation is continued. 
This process may be repeated several times. 
The distillate finally contains 551 of the acid 
and is redistilled over anhydrous oxalic acid when 
a 750 acid is obtained. This is neutralised with 
sodium Carbonate, the dry sodium salt distilled with 
anhydrous oxalic acid when a 99ó acid is obtained - 
Lorin -. 
The last trace of water is removed by distilla- 
tion over boric anhydride and the acid is subjected 
several times to a freezing mixture, the crystals 
separated from the liquor and then allowed to melt; 
or the dry lead or copper salt is heated at 130° in 
a current of dry hydrogen sulphide; in the latter 
case the product is apt to be contaminated with sul- 
phur products. 
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In the above process the crystallised oxalic 
acid decomposes into water, carbonic acid 
and Formic 
acid, the last of which combines with the glycerin 
to form monoformine, which is subsequently decom- 
posed by water into Glycerin and Formic Acid. 
The equation is: 
t( OH )2 








The acid solidifies below 00 and exhibits the 
phenomenon of superfusion. The liquid acid is col- 
ourless, transparent and mobile. It has a pungent 
sour taste and odour, and when concentrated blisters 
the skin - Lubig -. 
Therapeutics. 
Formic acid is officially used in the form of 
la colourless fluid of a concentration of 251, Sp. 
Gr. 1060 -1063. 
In 1903 Clement, in a lengthy paper, stated that 
he had found Formic Acid to be a powerful stimulant 
of striped muscle and in its toxic action closely 





that the internal administration dispelled 
any 
sensations of .lassitude as seen in nervous 
individ- 
uals, and that, experiments controlled by dynamom- 
etus and ergographs, showed a marked elevation of 
muscular - pourer within two days of administration. 
At the same time he noted a marked improvement in 
muscular capacity manifesting itself in an exhibi- 
tion of active and rapid movements. 
In the same year, Krull - Munich - noted marked 
improvement in Chronic Kidney disease with Albumin - 
uria after the subcutaneous injection of Formic Acid. 
He injected the preparation in the form of an aque- 
ous solution (1:1;000: 1:100,000) according to the 
age of the patient and the stage of the disease in 
doses of iii - As a result he was able to 
report (i) Improved nutrition, (ii) Decrease of 
Albuminuria, and (iii) Diuresis. 
These results he obtained as a rule when there 
existed no advanced cardiac complications. 
In 1904 Clement reported the following results: 
After the administration of Formic Acid the 
subject performed 10 periods of work instead of 5 
as before administration. In the 10 periods of 
work he realised with the Morso Ergograph 479 of the 
weight of 5 Kgrms. instead of 132. The total work 
done was 106 kilogrammétres, while, before the ad- 










able to do 21 kilogrammétres. 
The amount of work done then after the admin- 
istration of Formic Acid was increased almost five - 
fold. 
He found also that the effect on the muscular 
system was very lasting and persisted for 8 -10 days 
after the administration, and that, under the in- 
fluence of the drug, the painful sensation of the 
muscle submitted to the repeated contraction was 
noticeably diminished. 
Another important point was that the muscles 
so treated recovered their energy very rapidly. 
He also in the same year reported two cases of 
tremor due to muscular atony in which marked improve- 
ment followed the administration of Formic Acid, al- 
though the disease had existed in both cases for 10 
years. 
Huchard, one year later, reported the follow- 
ing observations: í7 
I. Patient before administrations 5 Kgrms. 90 
Il one day after n =9 
two days " n g 
three " " " ..9 
n four " " " 10 
"" five " n " =1l 
II. Patient before administration 9 















Patient Two days after adm(g prati n )20 . Kgrms 625 
(grins. iv) =20 " 975 
(grins. iv) = 20 " '200 
" Three 
Four 
if Five n " " (grins. iii) . 30 " 650 
He also in a large series of experiments proved 
that the toxicity of Formic Acid was practically nil: 
thus grins. 60 in a single dose were required to kill 
a small dog , while a dose of 11 Kilogrammes , intra- 
venously injected into another dog, produced no 
symptoms other than slight vomiting. 
In the same communication Huchard makes import- 
ant statements on the diuretic action of Formic Acid 
and the Formates. 
He proves, in the first place, conclusively 
that it is eliminated by the kidneys, thus: he in- 
jected into the Jugular vein of a dog 20 c.c. of 
Aqua Distillata containing in solution grins. 4 of 
Formate of Soda. After 48 hours there was excreted 
453 c.c. corresponding to 2 grins 22 of the Formate 
and further series of experiments confirmed these 
observations. 
He also, as did Krull, noted its diuretic ac- 
tion and the rapidity with which it was produced. 
In a case of sclerosis of the kidney in which 
the quantity excreted was 1,000 c.c., he noted that 






in 4 days it rose to 2,700 
after the absorption of 
3 grammes of Formate of Soda. 
A further series of experiments 
were: 
Amount of urine in 24 hours 
2;500 c . c . 
After grammes 3 of Formate of Soda 
3,750 c.o. 
Drug stopped . 2,550 
c.c. 
After Grammes 3 of Formate of Potash 4,000 c.c. 
3 days after stoppage of Drug 2,400 c.c. 
He further noted that in every case the quanti- 
ty of albumen was diminished, and in most cases to 
a very marked degree. Again, that the acidity of 
the urine is much diminished and that the urine, at 
first, is always alkaline. 
L. Garrigue recorded similar results obtained 
with Formate of Soda, viz. an increase in the ex- 
cretion of urine from 20 grins - 50 grans per day. 
The injection of Formic Acid in a concentrated 
form has been found to raise blood pressure (Gar - 
rique, Clement, etc.) , but later experiments with 
the dilute acid have proved that there is no in- 
crease of blood pressure either in artero sclèr.osis 
or advanced cardiac- legions.. The Formates do so 
to a slight degree, and of them, Formate of Soda is 
the most pronounced. 
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SUMMARY OF CONCLUSIONS, PART I. 
Pathology. 
1. That the main changes observed are degenerative. 
2. (a) That degenerative changes occur in the 
nerve cells as a result of the Diphtheria 
toxine, and that, while they may recover, 
they may atrophy and that the nerves, of 
which they are the trophic centres, under 
go Wallerian degeneration and lose their con- 
ductivity. 
(b) That degeneration occurs in muscle fibres 
as a direct result of the toxine. 
3. That Cardiac Failure is dependant on both forms 
or both combined, according as it is Progres- 
sive, Sudden, Early, Late. 
4. That Paralysis depends on both. forms or both 
forms combined, according as it is Benign or 
General. 
5. That changes in the Kidney in Diphtheria are 
those of degeneration. 
6. That Albuminuria is not caused by antitoxin 
but is due to toxaemia, and that the amount 
of albumen is an indication of the severity 




7. That treatment, apart from antitoxine and lo- 
cal treatment, has hitherto depended mainly 
on the following drugs: Digitalis, Stro- 
phanthus, Adrenalin Chloride, and above all, 
Strychnine. 
8. That all these drugs raise blood pressure and 
therefor, theoretically, add strain to the 
Heart. 
9. That none have any effect on albuminuria and 
would be expected to increase degenerative 
changes in the kidney by raising blood pres- 
sure. 
10. That Strychnine acts mainly on the Central 
Nervous System. 
11. That many forms of paralysis are not central. 
12. That Stryçhnine.does not:iaffect Motor Cells. 
13. That it is the: Motor Cells which are affected 
in Diphtheria:when the Central Nervous Sys- 
tem is affected. 
14. That treatment by Strychnine is followed by 




15. That Formic Acid does not raise Blood 
Pressure. 
16 That Formic Acid is a powerful stimulant of 
all striped muscle and gives a marked in- 
creased capacity for work. 
17. That Formic Acid improves the appetite and 
general nutrition. 
18. That Formic Acid is a diuretic with an in- 
fluence in reducing albuminuria. 
19. That its stimulant effect on the muscular sys- 
tem is lasting. 
20. That so far as is known it is not toxic. 
21. That in its action it is allied to Caffeine 
or Coca. 
Diagnosis of Recorded Cases. 
22. That from the fact that only those cases have 
been recorded which were positive both clini- 
cally and bacteriologically, the following 
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STATISTICS OF ACCOMPANYIWT CASES. 
The accompanying statistics of the cases have 
been compiled with reference to the three main diph- 
theritic lesions, namely, Cardiac Failure, Paralysis, 
Albuminuria. 
The deaths from Cardiac Failure - and in the 
case of the cases treated with Formic Acid this was 
the only cause of death - have been divided into 2 
groups, each with 2 subdivisions, namely, (I.a) 
Progressive, (I .b) Sudden; (II .a) Early, (II .b ) 
Late. 
In the first group of cases the definition and 
dividing line is comparatively simple in most cases, 
but in the two cases referred to has been somewhat 
difficult. 
In most cases the symptoms of progressive heart 
failure may be summed up as a gradually increasing 
intensity of the cardinal signs and symptoms of Car- 
diac Failure, namely,- Cardiac pain, vomiting, irre- 
gularity of pulse, etc., culminating in death. In 
the case recorded this was well exemplified. In 
the other case, No. 61, which has been classified 
as Sudden, there was also a series of progressive 
symptoms, but owing to the fact that the patient 
was apparently recovering, it has been classified 
as sudden, in that it was not expected to occur when 
it did, if at all. 
The second classi 'b tion has been made on 
strictly orthodox lines, namely, the occurrence 
before or after seven days from the onset of dis- 
ease - a view held by Myers, Trevelyan, and many 
others. 
In the case of the Paralysis they are, both 
here, and in the control cases, minutely differ- 
entiated, but no attempt has been made to identify 
them with the date of onset of the disease. 
The results of the statistics will be dealt 
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THE DEGREE OF SEVERIT'Y OF FOREGOING CASES. 
From the details of the foregoing cases it is 
evident that there are at least one or two cases of 
each variety of diphtheria shown among them. The 
cases are in no way selected, cases being taken 
strictly in rotation on their arrival at hospital. 
As before stated, the only cases rejected were those 
in which the clinical diagnosis was not fully borne 
out by the bacteriological examination. 
An even more important point has been to at- 
tempt to determine the severity of the epidemic 
which, if mild, would modify the value of the re- 
sults. 
Two main factors have been investigated to 
determine this: - 
1. The average amount of Antitoxin. 
2. The average age of the patient. 
The average dose of Antitoxin. 
As shown before (page 24) , the doses of anti - 
toxin have been given more or less on a fixed scale 
in relative proportion to the severity of the cases 
and the complications arriving in them. This ap- 
plies strictly for the preceding four years, as, 
before that date, the theories of the amount of 
antitoxin were not so fixed as they at present are. 
As the doses of antitoxin in the hospital have been 
prescribed for the past four years and also for the 
100 cases treated by Formic Acid by the same indi- 
vidual acting on the same fixed principles, it is 
possible, accordingly, to judge by the average dose 
the average severity of the case. 
The average dose of Antitoxin for the past 
three years is 6,300 units, thus:- for 100 consecu- 
tive cases considered in 1904 it is 6,400 units, for 
100 consecutive cases considered in 1905 it is 4,760 
units, for 100 consecutive cases considered in 
1905 -06 it is 4,Q20 units, and for the 100 cases 
treated by Formic Acid it is 6,265 units; so that 
from this standpoint the cases may be judged to be 
of at least average severity. 
The age of the patient has been the second 
factor observed. 
Varying as the mortality does in diphtheria 
with the age of the patient, this must necessarily 
be of great importance, and Myers (Lancet 1900) has 
shown in a large number of cases how definitely true 
this is; thus in 275 cases of paralysis and pare- 
sis taken from 1,316 cases of diphtheria, the fol- 
lowing results were obtained: - 
The 275 cases taken in Five yearly periods. 
Age periods. Males. Females. Total. 
Under 5 years 59 45 104 
5 to 10 years 66 72 138 
Over 10 years 22 11 33 
Totals 147 128 275 
Thus out of the 275 cases there were 174 cases 
occurring between the ages of three and eight, 
equalling 63.2 per cent. of the total number; again 
there were 40 cases between the fifth and sixth 
years of age, equalling 14'5 per cent; while in the 
cases of cardiac paralysis the great proportion of 
cases occurred between the ages of two and nine, the 
majority occurring in the sixth and seventh years' 
age -period. 
The average age of the successive groups of one 
hundred cases has been 12.2, thus:- for 100 con- 
secutive cases considered in 1904 it is 9.7 years, 
for 100 consecutive cases considered in 1905 it is 
12.5 years, for 100 consecutive cases considered in 
1905 -06 it is 10.5 years, and for the 100 cases 
treated by Formic Acid it is 113 years; so that 
in this respect they compare more than favourably 
with preceding epidemics, and the fact that in the 
100 cases treated by Formic Acid, twelve patients 
were between five and six years of age, while fifty - 
five were between the ages of two and nine, would 
appear to prove that the ordinary percentages of 
paralysis and cardiac failure might have been ex- 
pected. 
It would seem, therefore, with such a positive 
result in both the factors taken into consideration, 
that it is safe to assume that the severity of the 
cases considered was at least an average one. 
INFLUENCES IN SELECTION OF CONTROL CASES. 
In order to analyse more thoroughly the results 
of treatment in the foregoing cases, a careful ana- 
lysis has been made of three series of cases, each 
series numbering one hundred cases. Each series 
has been composed, as in the cases under considera- 
tion, of consecutive cases save that, as before, 
none have been considered which were not also bac- 
teriologically positive. 
In order that the type of the disease might be 
as similar as possible in the control cases as in 
those treated by Formic Acid, two series, each of 
one hundred cases, have been considered in 1904 and 
1905, each as nearly as possible in the same months, 
viz : - January, February and March. The remaining 
one hundred cases are those immediately preceding 
. 
the cases treated by Formic Acid so as, if possible, 
to ensure that the particular epidemic did not vary 
to any degree with those of others. 
There are then 200 cases taken from the cor- 
responding season of the year for the past two years 
and 100 cases which may fairly be said to be of the 
same epidemic as that considered. 
It may be well to state once more that by 
'control cases' is meant the 300 cases dated 1904, 
1905, 1905 -06, and that the treatment adopted in 
all these cases was exactly similar, while that, as 
has also been stated before, the treatment by Anti- 
toxin is the only connecting link between those 
cases and those treated by Formic Acid. 
RELATIVE SEVERITY OF CASES TREATED BY FORMIC 
ACID AND CONTROL CASES. 
On the same principle but with more minuteness 
the relative severity of the two groups of cases 
may be adjudged as follows:- 
1. The control cases - namely, cases treated as 
detailed in Part I . , page/9 , are (a) either 
of the same months in the years, or (b) the 
same epidemic. 
Z. The average dose of Antitoxin for the control 
cases, namely:- for 1904=6,400 units, for 
1905=4,760, for 1905-06=4,820, while that 
for 1906 .(the cases treated by Formic Acid) 
6,265. It would appear, therefore, that 
from this standpoint the cases were of quite 
as great if not greater severity. 
3. The average age of the patients in the control 
cases was: - for 1904. 9 7 , for 1905.12-5. 
years, for 1905 -06 =10-5, while that for 1906 
was 11-3, and that again from this standpoint 
the cases are at least as severe as the pre- 
ceding ones. 
4. The two groups of cases are composed of cases 
both clinically and bacteriologically posi- 
tive. 
5. That the cases under treatment by Formic Acid 
were kept under observation even longer than 
the preceding ones (page .g,0) and that, there- 
fore, paralysis occurring later in the dis- 
ease was even less likely to have escaped 
notice. 
9. 
STATISTICS OF 300 CONTROL CASES 
The statistics of the accompanying control 
cases have been arranged in the same manner as those 
of the cases treated with Formic Acid. 
The cases are in each series consecutive cases, 
nor, as has been said, are they in any way selected 
cases, except that no cases have been included which 
were not both bacteriologically and clinically posi- 
tive. 
As will be observed the statistics are much the 
same, but rather better than a wide series of statis» 
tics taken from other hospitals, namely about 11 .3 
for cases treated on the third and fourth day from 
the onset of the disease. Although the different 
series of cases are given separately, an average 
result of the three groups of cases is also appended i 
that a broader basis may be given for the results 
of comparison. The results of comparison will be 
discussed in detail later. 
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COMPARISON OF STATISTICS 
The remaining statistics show a comparison be- 
tween those cases already described treated by For- 
mic Acid and the control cases treated as described 
on page The results, when described together, 
appear mcre than good and the necessity of proving 
that the types of epidemic were equally severe the 
more apparent. 
Aa will be shown later, also when dealing fully 
with the more severe cases in the series treated 
by Formic Acid, nine of the cases there described 
had the cardinal signs and symptoms of impending 
cardiac failure and yet recovered, it is therefore 
not too much to expect that with different treatment 
the statistics might have been similar. Thus the 
death -rate in the Formic Acid cases is 2 ', while 
nine cases during the first five days had vomiting, 
irregularity of pulse, pain, etc. - and yet recover- 
ed. This would have given a percentage of ll' 
which is practically the percentage of the control 
cases and for most hospitals. It is also inter- 
esting to note, as will also be shown later, that 
in the cases of paralysis, two occurred in cases 
complicated with measles and not until 16 -18 days 
after the accidental stoppage of the drug. 
The results in Albuminuria are again more than 
good and are even proportionately better than those 
of Cardiac Failure and Paralysis. 
It will he best to discuss these points under 
"Analysis of Results" after the statistics them- 
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ANALYSIS OF RESULTS 
Although. the broad results of treatment are 
well seen in the tables of statistics, it will be 
best to more minutely examine each complication in 
detail and to attempt to give an explanation of the 
results. 
Cardiac Failure 
With an improvement in the death -rate from 
8.6% to 2% it must seem as though Formic Acid has a 
distinct and definite effect in this - the most 
serious diphtheritic complication. 
Cases 10, 19, 39, 45, 57, 59, 76, 81 and 89 
are all types of cases which may fairly be said to 
have shown symptoms and signs of heart failure 
sufficiently severe as to have warranted a very bad 
prognosis in the ordinary course of the disease. 
In case 89, cardiac pain, vomiting, obvious tox- 
aemia, irregularity of pulse, pallor, occasional 
coldness of limbs, systolic mitral murmurs and 
weakness of the first sound of the heart are signs 
and symptoms which, in the ordinary course of the 
disease would warrant a prognosis of the worst 
type and more especially when occurring late in 
the course of a severe attack of scarlatina. 
Still more striking is Case 76, where, with 
sympto s of impending heart failure and toxaemia to 
. 
a more than marked degree there was present broncho- 
pneumonia and as in Case 89, complete recovery. 
A. specially interesting feature in Case 76, is the 
fact that a hypodermic injection of Strychnine 
Hydrochlon, given as a control experiment had no 
effect on the pulse or generai condition, while 
with an equal dose of the Formate a marked improve- 
ment was visible within forty minutes, improvement 
which was increased and maintained with two similar 
doses. It may also be pointed out that at the 
time of administration, the pulse was running and 
almost imperceptible. 
In the two cases which died, although one was 
progressive and the other - as has been shown 
"doubtfully" sudden - the degree of toxaemia before 
the first administration was extremely profound 
and it would seem impossible to overcome a toxaemia 
which had already poisoned every system and organ. 
One other interesting point is that there 
were no threatenings of Cardiac Failure in any of 
the cases in the very late stages of the disease, 
a fact which would seem to prove how thoroughly the 
toxaemic element had been eliminated and how thor- 
oughly the stimulant effect had persisted. 
The main features in all the cases are :4. 
1. The remarkable regularity of the pulse 
even after irregularity has been present in 
most pronounced degree. With the exception 
of some four cases, the pulse has been regular 
within five days of administration and in the 
great majcritr of cases within three days of 
administration. 
2. The marked improvement in the general nu- 
trition of the patients, as shown by their 
colour, appetite, lack of depression, etc.; 
which has been, as is noted in the details of 
the cases, as a rule, within four days of 
administration and which would point to a suc- 
cessful combating of the toxaemia. 
So far, then, the results appear to show that 
Formic Acid and the Formates have a distinct stimu- 
lant effect on the heart and that, given a not too 
profound toxaemia before administration, the general 
nutrition and vitality of the muscles is so improved 
as to combat with success the toxaemia of this par- 
ticular disease and to prevent a subsequent degen- 
eration. 
To what may this be due? 
As has been shown, the line of treatment 
carried out in these cases - namely by Formic Acid 
and by the occasional use of Belladonna - was one of 
stimulation by non -blood pressure raising drugs. 
The former treatment, on the other hand,- namely 
treatment by Strychnine, strophanthus, digitalis 
and adrenalin chicride,- was entirely by drugs which 
raised blood. pressure, in different ways but with 
the same result. If, however, as in diphtheria, 
the heart is weakened by toxaemia and the inhibitory 
apparatus is also affected, as shown by the. condi- 
tion of the pulse, and if degeneration is the almost 
constant accompaniment, as is the case, it would 
seem that by raising blood pressure and so increas- 
ing the amount of work which the heart has to per- 
form, that a contrary result to what is hcped for, 
must ensue - namely an increase of degeneration and 
a further strain to the heart. 
The addition, in occasional laryngeal cases, of 
Belladonna which, in small doses, modifies the in- 
hibitory action of the Vagus nerve and so increases 
the output of the heart per minute, has been there- 
fore strictly in accordance with views such as these 
It is possible, therefore, that the astonish- 
ing difference in the results obtained from the two 
courses of treatment has been due to the broad fact 
that, whereas the 300 control cases were treated by 
strychnine, strophanthus, adrenalin chloride, etc. - 
namely, blood- pressure raising drugs - the 100 cases 
treated by Formic Acid and occasionally Belladonna, 
were treated by non -blood -pressure raising drugs, 
and that, therefore, the heart was not so severely 
taxed as regards the amount cf work imposed upon it 
in the latter cases. 
It seers more probable, however, that the re- 
sults are due to a combination of this fact with the 
actual stimulant properties of Formic Acid, and that 
with a gradual stimulation of striped muscles all 
over the body and direct stimulation of the heart, 
the resistive power of the individual must be enor- 
mously increased unless, as has been shown in the 
two cases referred to, degeneration has already oc- 
curred in an advanced degree. If this is the case, 
the nervous system must be indirectly benefited, for 
the exact selective influence of diphtheritic toxine 
is as yet uncertain, and it is, therefore, by the 
combination of these two factors that results, so 
good as these, have been obtained. 
It may be urged, that, for this complication of 
the disease, 100 cases does not leave a sufficient 
margin as to warrant the obtaining: of a definite 
result. While this, no doubt, is true, so large a 
percentage of recovery among cases with undoubted 
signs and symptoms of impending Cardiac Failure 
would seem to negative this assertion and, in any 
case, to prove the necessity of a prolonged and ex- 
haustive trial of the drug in the disease. 
Paralysis. 
While the percentage of paralysis of all var- 
ieties - namely three, is not far different from 
that of the deaths from Cardiac Failure, the im- 
provement in results is much more marked. 
A fall in the Paralysis rate of 11 %, namely, 
from 141 to 3:` is more satisfactory even than the 
results of the former complication. 
While the results of the total numbers of para- 
lysis appear more than good, the mild type of the 
paralysis is also satisfactory. Thus, of the three 
cases of paralysis recorded two were benign, namely 
palatal, and the third a very slight paresis of the 
lower extremities with only slight alteration in re- 
flexes, and a subsequent complete recovery. In the 
two palatal cases there was in both cases an altera- 
tion in speech, but no difficulty in swallowing. 
A third. interesting feature of these cases of para- 
lysis is the fact that two out of the three recorded 
cases occurred during a subsequent attack of measles 
and that in both cases the drug had been discontinu- 
ed from 16 to 18 days before the symptoms appeared. 
Thus, cases 59 and 73,- the first, a case of 
palatal paralysis and the second, one of paresis of 
the lower extremities, were both treated for diph- 
theria for two and a half weeks with Formic Acid; 
both developed measles, and were transferred to an- 
other ward, where for sixteen to eighteen days, the 
drug.was unfortunately discontinued.and the paraly- 
sis appeared. 
It is possible that the paralysis in both cases 
was the result of the Measles Toxaemia, following on 
the Diphtheritic, or again that it was due to a too 
early discontinuance of the drug. It would seem 
impossible to differentiate on account of the simi- 
larity of both cases, and it would seem safer to 
assume that a combination of both circumstances was 
the cause. This in fact must almost of necessity 
be so, for, with an increase in the degree of Tox- 
aemia, the necessity for the continuance of treat- 
ment must be more apparent. 
Here again as in the results of Cardiac Failure 
doubt might be expressed as to the severity of the 
epidemic, but proof as to this would seem to have 
been proved positive, and out of the hundred cases, 
at least twenty -five cases were so extremely tox- 
aemic as to warrant a doubtful prognosis of para- 
lysis, and, under ordinary circumstances, a percent- 
age at least average in number and type with .--the . 
cases cited as..0Ontrol. 
The multiplicity of lesions described in this 
complication of Diphtheria, render it the more 
difficult to give an adequate explanation of the re- 
sults of this treatment. As has been shown by Mani 
catide, many of these lesions are purely muscular, 
and with the use in frequent small doses of such a 
drug as Formic Acid, results similar to these might 
be expected. In those cases where the lesion is 
primarily central with a Wallerian degeneration of 
the peripheral nerves, it would seem as though two 
objects might be obtained: (i) To give complete 
rest, and by using Formic Acid to keep the muscular 
system in tone and the general nutrition good, until 
the nervous system - if not too severely poisoned - 
recovered; or (ii) to attempt to prevent this oc- 
curring in a severe form by successfully combating 
as soon as possible the toxaemia by early large dose 
of Formic Acid and the Formates. 
With such statistics from treatment such as 
this, it may be considered if hitherto the muscular 
element in diphtheritic paralysis has not been under 
estimated,and- that mapy of the early, and less sever 
forms of paralysis are not muscular, with a less 
severe degree of nervous element than is generally 
supposed. 
A theory such as this would appear to suit well 
the results obtained with Formic Acid in these cases 
and might explain the diminished number of deaths 
from Cardiac Failure as well as the lack of paralysi 
of other varieties. 
29 
Albuminuria. 
Although the diuretic effect of Formic Acid and 
the Formates in the disease has not been pronounced, 
the great reduction in the percentage of albumen - 
namely from 38% to 10% - is noteworthy. 
While in one case.(No. 90) the amount was great 
and prolonged, it may be noted that the patient was 
suffering from pleurisy with effusion and a high 
swinging temperature. Tn..the remaining case, the 
appearance of albumen was within two days of admis- 
sion and was only present, at the most, on two occa- 
sions. There were, apart from the absence of al- 
bumen, no noteworthy features in the urine. 
That the Formic Acid exercises any direct ef- 
fect on the kidney is difficult to suppose and it 
would seem as though the result was obtained chiefly 
by the general condition of the patient being so 
good as to be highly resistant to the toxine, while 
that in the percentage and doses given the blood - 
pressure was not raised and no diuresis ensued. 
It is interesting to note that in the two cases 
in which antitoxine was given in largest amount - 
namely 76 and 81 - albumen appeared on the second 
day in one only and not again, and this would, in a 
slight degree bear out the observations of Variot 
that the two are in no way connected. 
There can be little doubt that the amount of 
albumen is, as a rule, in proportion to the severity 
of the toxaemia and the explanation of the results 
obtained would seem to be as stated above, rather 
than any direct action of the drug on the kidneys. 
9 . i) 
CONCLUSIONS. 
It is difficult not to conclude that results, 
such as these, are sufficiently successful as to at 
least warrant a thorough and prolonged trial. 
It may be urged that the influence of antitoxin 
has not been given the prominence due to it, but has 
purposely been disregarded as being in the same pro- 
portion for the Control Cases. 
Treatment would, therefore, appear to resolve 
itself into:- 
1. Adequate and early doses of Antitoxin; 
2. Rest in proportion to the severity of the 
case 
3. Gradual and proportionate stimulation by 
Non -blood- pressure raising drugs; 
4. The use of Formic Acid and the Formates; 
and until proof positive negatives it, that, with 
such results, a thorough trial of such lines of 
treatment must be made at the expense of the older 
treatment which relied for stimulation solely on an 
increase of blood pressure, while it would seem to 
be the case that Formic Acid and the Formates, by 
their influence on every complication of importance 
in diphtheria, render them, in that disease, drugs 
of the greatest importance. 
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